The presence of heavy metals in freshwater fish represents a global public health issue. The current study aimed to determine the heavy metal concentration and toxicity in some freshwater fish species collected from the Tigris River in Baghdad. Out of the many fish species in Iraq, the current study selected the Genus Barbus as it represents the most popular fish food in Iraq. The sample included twenty fishes and the selected sample locations covered two industrial areas in Baghdad (one north of Baghdad and one south of Baghdad). The levels of heavy metals were determined by using an atomic absorption spectrophotometer (AAS). The results showed that concentrations of heavy metals in the sampled fishes exceeded the acceptable levels for food sources for human consumption. The results of this study showed high levels of cadmium and chromium levels in the tissues of the selected fish sample. Cd and Cr were among the highest concentrations and both exceeded the World Health Organization and Food and Agriculture Organization of the United Nations acceptable levels for heavy metals in fishes.
Introduction
The pollution of the Tigris River with chemicals or hazardous materials has long been a very serious environmental problem and a major public health issue in Iraq [1] [2] [3] [4] [5] [6] . Moreover, in recent years, there has been a special increasing interest in heavy metal contamination and toxicity in aquatic biomes [7] . Rivers could be contaminated by heavy metals as a result of industrial and agricultural waste and by-products. High concentrations of these heavy metals are toxic to the water, soil, and air. Fishes in the Tigris River are an important food source for the population. The Barbus species in Iraq are among the most common fish eaten as food [8] . Furthermore, fish play key roles in ecosystems because they are vertebrates, which are at the top of the food chain [9] . In recent years, the Tigris River has become heavily polluted and contaminated with different types of pollutants. Among other contaminants, heavy metals represent the most dangerous type of pollution as it has been well documented that heavy metals, such as arsenic, cadmium, chromium, lead, and copper are highly toxic to human cells [10] .
Over the last twenty years, increased agricultural, industrial, and other anthropogenic activities along the Tigris River in Baghdad have resulted in increased heavy metal accumulation in the river. Consequently, high levels of heavy metals could lead to an ecological and health disaster [11] . The accumulation of heavy metals in freshwater fish depends on many factors. These factors can be either environmental (water chemistry, salinity, temperature, and levels of contamination) or biological (species, size, age, gender, sexual maturity, and diet) [12] .
When comparing the accumulation of heavy metals in fishes of both marine and freshwater biomes, it can be observed that freshwater fishes tend to accumulate heavy metals in their organs more than marine fishes. The reason for such a difference between the two biomes is that freshwater fishes tend to lose salts and gain water. On the other hand, marine fishes tend to gain salts and lose water. Consequently, freshwater fishes are more exposed and vulnerable to heavy metal pollution [13] . Heavy metals are specifically important due to their toxicity and ability to bioaccumulate in aquatic biomes [14] . Heavy metals tend to accumulate in the aquatic environment because they cannot be degraded. Ultimately, this leads to human exposure and results in serious environmental problems [15] . The aim of the current study was to determine the levels of heavy metals (Cd, Cr, Cu, Pb, and Zn) in the gills, livers, and muscles of Barbus sharpeyi and Barbus xanthopterus caught from the Tigris River in Baghdad. Understanding the concentrations of heavy metals in freshwater fishes in the Tigris River in Baghdad will help us to understand the risks of heavy metals contamination on human health. Thus, we will be able to establish practical and cost effective remediations for this environmental and public health problem.
Results
The results of heavy metal concentration (µg/g per wet weight) analyses in the gills, livers, and muscles of B. sharpeyi and B. xanthopterus at Station 1 and Station 2 are shown in Tables 1-3 . Table 1 shows heavy metal concentrations in the gills of B. sharpeyi and B. xanthopterus at Station 1 (Al-Kadhimiya area) and Station 2 (Zafaraniya area). High concentrations of Cd, Cr, Pb, Zn, and Cu were detected in the gills of B. sharpeyi and B. xanthopterus in both areas. Cd had a higher concentration than the rest of the heavy metals that were found in the sample. The heavy metal concentrations in the gills of B. sharpeyi and B. xanthopterus in Station 1 (Al-Kadhimiya area) and Station 2 (Zafaraniya area) were distributed according to the following pattern: Cd > Cr > Pb > Zn > Cu. The heavy metal concentrations in the livers of B. sharpeyi and B. xanthopterus at Station 1 (Al-Kadhimiya area) and Station 2 (Zafaraniya area) ( Table 2) were distributed according to the following pattern: Cd > Cr > Pb > Zn > Cu. The heavy metal concentrations in the muscles of B. sharpeyi and B. xanthopterus at Station 1 (Al-Kadhimiya area) and Station 2 (Zafaraniya area) (Table 3) were distributed according to the following sequence: Cd > Cr > Pb > Cu > Zn. 
Discussion
It was assumed that the second sampling station (Zafaraniya) would have the highest heavy metal concentration since this area was heavily populated and the river in this area is likely to receive more industrial pollutants and effluents. However, the first station (Kadhimiya) also showed higher levels of heavy metal pollution. However, the concentrations of heavy metals in the gills, livers, and muscles of the sampled fish caught from the second station (Zafaraniya) were slightly higher than those obtained from the first station (Kadhimiya). The results of this study showed that the highest heavy metal concentrations were found in the gills and livers of both sampled fishes. These results are similar to other studies that showed the bioaccumulation of heavy metals in the gills and livers of fishes was higher than the concentrations of heavy metals in the muscles of fishes [16] [17] [18] .
The mean concentrations of heavy metals in the gills, livers, and muscles of both fish samples (B. sharpeyi and B. xanthopterus) at both locations (Station 1: Kadhimiya and Station 2: Zafaraniya) were much higher than the World Health Organization (WHO) and Food and Agriculture Organization of the United Nations (FAO) maximum permissible levels of heavy metals in freshwater fishes [19] [20] [21] [22] . The maximum permissible limit of heavy metals in freshwater fishes according to the WHO and FAO standards for Cd and Cr is 0.05 µg/g [19, 21] . Water pollution can cause fish to be contaminated with heavy metals from domestic and industrial anthropogenic activities [23] . Different levels of Cd, Cr, Cu, Pb, and Zn were seen in the gills, livers, and muscles of B. sharpeyi and B. xanthopterus in the Tigris River in the areas of Zafaraniya and Kadhimiya (Tables 1-3 ). The concentration of Cd in the gills at both stations varied from 2.20 µg/g to 2.50 µg/g, while the concentration of Cd in the livers at both stations was 1.30 µg/g to 2.90 µg/g. The muscles of B. sharpeyi and B. xanthopterus at both stations had the lowest Cd concentrations, ranging from 0.80 µg/g to 1.20 µg/g. The high concentration of heavy metals in the gills of B. sharpeyi and B. xanthopterus was due to the fact that the gills in freshwater fishes are the main entry point for any dissolved heavy metals [18] .
The concentration of Cr in the gills of B. sharpeyi was 2.20 µg/g at Station 1 (Kadhimiya) and 2.50 µg/g at Station 2 (Zafaraniya). For B. xanthopterus, the Cr concentration in the gills was 2.10 µg/g at Station 1 and 2.50 at Station 2. The livers and muscles also had high levels of Cr, but lower levels than those detected in the gills. One of the reasons for such high concentrations in the gills, livers, and muscles of the sampled fishes was the recent prevalence of dyeing and tanning factories in Baghdad. Most of these local factories use chromium salts in their tanning processes [5] . As a result, and with the absence of effective waste management, the Tigris River is heavily polluted with chromium. Furthermore, chromium is used in painting, cooling tower drainage, and in the glass and ceramics industry. Power plants in Baghdad also use chromium salts, and chromite would be a by-product released from the waste of glass and ceramics industries in Baghdad. The results of this study regarding the levels of Cr in the Tigris River conform to results obtained by other studies [5, [24] [25] [26] . The second station (Zafaraniya) showed higher levels of heavy metals detected in fish tissues than the first station (Kadhimiya). The second station (Zafaraniya) is considered to be the largest local industrial area in Baghdad. In this area, many different industrial factories are located, and they discharge their wastes into the river without proper treatment. The results of this study showed higher levels of Cd in the gills, livers, and muscles of B. sharpeyi and B. xanthopterus in the Tigris River. These results are similar to other studies [4, 6, 27, 28] . The mean concentrations of Pb, Zn, and Cu in the gills, livers, and muscles of B. sharpeyi and B. xanthopterus in the Tigris River in the areas of Zafaraniya and Kadhimiya were very high and the concentrations varied between the gills, livers, and muscles. The reasons for such increased levels of heavy metals in the sampled fishes were due to the industrial effluents discharged from the untreated wastes of factories located along the Tigris River in Baghdad. Different studies that have been conducted in Iraq have shown similar results [5] [6] [7] [29] [30] [31] .
Materials and Methods

Sample Collection and Preparation
A total of 20 fish, belonging to the species (B. sharpeyi and B. xanthopterus) was purchased (10 B. sharpeyi and 10 B. xanthopterus) from local fishermen at the river banks of the two sampling collection sites used for this study. The sampling sites selected for this study were Al-Kadhimiya (labeled as Station 1, latitude 33 • 22 36" N and longitude 44 • 20 14" E) in the north of Baghdad and the second sampling station was the industrial area at Al-Zafaraniya (labeled as Station 2, latitude 33 • 15 2" N and longitude 44 • 28 58" E) in the south of Baghdad. The study was conducted from October 2017 until February 2018. For B. sharpeyi, the mean weight was 1800 g and the mean length was 30.5 cm. For B. xanthopterus, the mean weight was 2500 g and the mean length was 32 cm. The collected samples were stored in a cooler packed with ice and were sent immediately to the laboratory for the dissection of the organs after removing the scales and washed thoroughly. Only the fish tissues (muscles, gills, and liver) were dried separately for 24 h to a constant weight in an oven at 105 • C. The various organs from each species collected were pooled and milled with a mortar and pestle. About one gram of the dried tissue was weighed and then transferred into polyethylene tubes, and 8 mL of nitric acid and 4 mL of perchloric acid were added to the sample. All standard solutions and chemicals that were used in the current study were obtained from Merck (Darmstadt, Germany), and all of them were of analytical grade. To avoid contamination, all bottles and glassware used in the preparation of the samples were soaked in nitric acid for 15 min and rinsed with deionized water before being used. The prepared sample was left overnight at room temperature. The sample was digested, and the digestion tubes were placed in a water bath set to a boiling temperature. The tubed sample was left to boil for an hour and a half until all tissues had been dissolved. Then, they were cooled, filtered, and placed in plastic bottles. Acidic digestion of the sample was done according to the procedures mentioned in [32] , but the mineralization procedures were modified for the current study. The determination of heavy metals in the fish tissues was carried out using an atomic absorption spectrophotometer (Perkin-Elmer model 5000, Perkin-Elmer Corp, Waltham, MA, USA). The accuracy and precision were verified using standard reference materials (MA-A-2/TM) provided by the International Atomic Agency (IAEA) [33] . The absorption wavelengths and detection limits for the heavy metals were 228.8 nm (nm = wavelength) and 0.002 ppm for Cd; 425.4 nm and 0.002 for Cr; 217.0 nm and 0.001 ppm for Pb; 213.9 nm and 0.001 ppm for Zn; and 324.7 nm and 0.02 ppm for Cu.
Statistical Analysis
The concentrations of metals in fish tissues were reported as µg/g per wet weight. One way-ANOVAs and t-tests were used to evaluate differences between B. sharpeyi and B. xanthopterus. A p-value less than (0.05) was considered to be statistically significant. All statistical calculations were performed using Windows-based SPSS version 23 (IBM Corp. Released 2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY, USA: IBM Corp.).
Conclusions
The current study showed significant, high concentrations of heavy metals in fish tissues in the Tigris River in Baghdad. The high bioaccumulation level of heavy metals in fish tissues, especially in the gills and livers, presents a good bio-marker for monitoring heavy metal toxicity and water pollution in the Tigris River. Further research with a bigger sample of fish and greater area coverage in Baghdad is recommended to confirm these results. The presence of high concentrations of chromium in the Tigris River at Station 1 and Station 2 through this study requires further investigation in regard to the hexavalent chromium toxicity in freshwater fishes or sediments of the Tigris River in Baghdad.
